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1931 Fall Meeting 


The 1931 Fall Meeting of the Soci- 
ety was held in Boston, Sept. 21 to 25. 
There was a registered attendance of 
over 350 members and guests. In 
spite of the current business condi- 
tions, the attendance at technical and 
other sessions compared favorably 
with those of other years. The cali- 
ber of papers and discussion were of 
a high standard of quality. 

The meeting opened with the pres- 
entation of the report of the research 
investigations of the Structural Steel 
Welding Committee by its Executive 
Committee. This report is one of the 
outstanding reports of the American 
Bureau of Welding in recent years. 
It has received favorable editorial 
comment by the technical press of the 
country and by leading engineers. An 
editorial of the Engineering News 
Record in regard to the report is 
printed elsewhere in this issue. 

On Tuesday morning an address of 
welcome was presented by the Hon- 
orable Mayor James M. Curley, with 
a response by C. A. McCune, chair- 
man of the 1931 Fall Meeting and 
Exposition Committee. 

Nineteen technical papers were pre- 
sented on a wide variety of subjects. 
These papers are published in the 
September and October issues of the 
JOURNAL. The discussions, will be 
printed in the December issue. 

The entertainment features _ in- 
cluded a trip by boat on Tuesday af- 
ternoon to Salem Willows, including a 
shore dinner, and the annual banquet 
and dinner on Thursday evening. At 
this dinner an excellent address was 
presented by the Honorable Mayor 
James M. Curley. 

The ladies’ entertainment was one 
of the special features of the meeting 
and was enjoyed by all the ladies 
present. 

Two motion pictures were pre- 
sented, including Semi-Automatic 
Gas Welding and Underwater Cut- 
ting. 

The meeting was held in connection 
with the annual Metal Congress and 
Exposition. Four other societies held 
meetings in Boston at the same time. 


A Welding Magna Charta 


Reprinted from Sept 17, 1931 issue of 
Engineering News-Record. 


Publication of the report of the 
structural steel welding committee of 
the American Bureau of Welding is 
an event of much consequence. The 
investigation upon which the report is 
‘ased provides structural welding with 
firm foundation and in addition 
nould go far to refute the charge 
‘nat welding is a highly variable and 
neertain method of joining struc- 
‘ural steel parts. in nowise compar- 
ale to riveting. Both the plan and the 








results of the investigation are sig- 
nificant and important. 

The idea for a broad program of 
research was conceived a number of 
years ago and urged as a necessary 
preliminary to the safe and proper 
development of the welding art. One 
of the results of the present report 
is to reveal the cohesive and compre- 
hensive nature of that program and 
the thorough manner in which it has 
been carried out. In its conception 
and execution this investigation has 
seldom been equaled in the field of in- 
dustrial research. Six years ago, when 
the first plans were being made, weld- 
ing, while recognized as a process of 
potential value to the structural engi- 
neer, was barely more than an experi- 
mental element of structural practice. 
In an earlier age a new method such 
as this would have been left to work 
out its own salvation by trial and 
error. Riveting is an example of a 
process that developed almost wholly 
by such means. But the modern sci- 
entific mind is attuned to a faster 
pace. Accelerated experience was re- 
quired, and the sponsors of the weld- 
ing research set out to supply it. As 
a consequence, engineers have avail- 
able today welding design data as ex- 
tensive as would have been collected 
in a lifetime of trial-and-error use. 

What has the investigation accom- 
plished? In so far as stresses are 
concerned it supports those in ac- 
cepted use as safe and reasonable, 
adding the important admonition that 
bending stresses should be provided 
for, or else avoided by eliminating ec- 
centric conditions at the joints. No 
results were obtained that would jus- 
tify different working stresses for 
welds of different sizes. Fillet welds 
placed transverse to the line of stress 
were shown to be 35 per cent stronger 
than those that were parallel. No 
harmful effects on the base metal 
from the welding heat were disclosed. 
All fusion welding processes dis- 
played equally good results. Stringent 
qualifications for the welding opera- 
tors were shown to be absolute neces- 
sities. Aside from these detailed tech- 
nical results, the most important rev- 
elation is the indication that accept- 
able welds may be expected from any 
good fabricating shop; in the investi- 
gation work the welds made by 39 
fabricators varied at most only 12 
per cent from the average strength 
obtained by all fabricators. 

This latter conclusion is perhaps 
the most important that came out of 
the research, for knowledge of the 
uniformity to be expected in commer- 
cial practice is wholly new and will 
have a profound effect upon the fu- 
ture growth and acceptance of weld- 
ing by structural engineers. Once 
this acceptance has become general, 
the fabricating shops, which have 
often shown somewhat less than aca- 
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NUMBER 10 
demic interest in the commercial de 
velopment of structural welding, may 


be expected to lend a helping hand. 
It should not be a long step then to 
the institution of needed further re 
search. 

Welding is a method of such vast 
potentiality that it deserves the sup 
port of all branches of the civil en- 
gineering profession during its devel- 
opment stage. It is neither necessary 
nor proper to view it as a process that 
will entirei, eliminate riveting, and 
thus scrap a huge investment in fab- 
ricating machinery. In the minds of 
many engineers, welding has been ac- 
cepted as a companion piece to rivet- 
ing. Its development should be fos- 
tered strongly and continuously with 
that end in view. The report of the 
structural steel welding committee 
provides a basis and an impetus for 
this development in both its comme: 
cial and research phases 


Authors of Fall Meeting 
Papers 
(Not published in September issue) 


EVERETT CHAPMAN, author of the 
paper on “Maximum Stress—Its In- 
fluence on Cost and Service Life of a 
Structure,” graduated from the Uni- 
versity of Michigan in Electrical En- 
gineering, subsequently taking a Mas- 
ter’s Degree in Physics. After teach- 
ing school for one year at Purdue 
University he went with the Lincoln 
Electric Company. He has been asso- 
ciated with Lukenweld, Inc., for the 
last year and a half as director of 
Engineering and Research. 

GILBERT D. FisH, author of the pa- 
per on “The Yale University Group of 
Welded Buildings,” received his De- 
gree of Civil Engineer from Columbia 
University. He has, also, taught civil 
engineering and allied subjects in this 
institution and at summer sessions at 
Yale and Stevens Institute. Served as 
Captain and Major in the Corps of 
Engineers in this country and Europe 
during the war and since 1921 as con 
sulting structural engineer in New 
York City. He designed the first 
large all-welded building for the 
Westinghouse Electric & Manufac- 
turing Company in 1926-27. He de 
signed the first welded railroad bridge 
for this company in 1927, and for tRe 
past five years has specialized in the 
application of arc welding to steel 
construction. 

H. V. INSKEEP, author of the paper 
on “Welding of Copper and Brass 
Piping,” graduated from the Massa- 
chusetts Institute of Technology in 
1927 with a B. S. degree in mechan 
ical engineering. The following year 
was spent in instructing in the Steam 
and Hydraulic Laboratory at the 
Massachusetts Institute of Technol- 
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egy. In July of 1928 he became affil- 
iated with The Linde Air Products 
Company. After a period of training 
in numerous departments of the com- 
pany, he was assigned to the Engi- 
neering Department, Development 
Section, and is at the present time 
connected with the Sales Department 
in the New York District as develop- 
ment engineer. 

JOHN KJEKSTAD, author of the pa- 
per on “The Future of Welded Ship 
Construction,” graduated from the 
Electrical and Mechanical School in 
Norway, 1903. He was engaged in 
engineering work in Norway in 1907 
when he started studying electric 
welding in Sweden and Serwar. He 
bought electric welding equipment 
and trained two operators, who left 
with him for the United States in 
1909, where he started a marine 
welding business. He was engaged in 
welding work, repair and new con- 
struction up to 1929, when the Truss 
Weld Barge Company was _ incor- 
porated for the purpose of building 
welded barges on his patented Truss 
Weld System. In January, 1931, the 
United Dry Docks, Inc., secured ex- 
clusive license to his two systems of 
welded ship construction for the At- 
lantic Seaboard, at which time he also 
entered their organization. 

M. POWELL, joint author of the pa- 
per on “Large Welded Everdur 
Pressure Vessels.” 

His connection with welding began 
in 1920, at the plant of the General 
Electric Company in Schenectady. 
Prior to this he attended Union Col- 
lege in Schenectady. During the 
World War he served in the U. S. 
Navy, being discharged as Chief Ma- 
chinist’s Mate. 

In 1925 he joined the forces of the 
Whitlock Coil Pipe Company in Hart- 
ford, Conn., as arc welding foreman. 
In 1928 he was made General Fore- 
man of the Plant, which position he 
now holds. 

HERBERT F. REINHARD, author of 
the paper on “Welding of Galvanized 
Steel,” attended grade and high 
schools at Portland, Ind.; attended 
Purdue University four years and 
graduated therefrom with Bachelor of 
Science Degree in Chemical Engineer- 
ing; 27 months in Service, both here 
and with the A. E. F. as Commis- 
sioned Officer of Coast Artillery; two 

ears with Indiana State Board of 

ealth as Chemist for Department of 


Foods and Drugs; three years in En- 
ineering Department of the Prest-O- 
ite Company, Inc., Indianapolis, 

Ind.; since January, 1925, Chief En- 

gineer J. B. Colt Company, manufac- 

turers of acetylene generators. 

WILMER E. STINE, author of the pa- 
per on “Factors Affecting the Weld- 
ability of Steel,” studied electrical en- 
gineering at Ohio University. En- 
tered the service of the Westinghouse 
Electric & Manufacturing Company 
and was employed in various testing 
departments until the beginning of 
the war in 1917. During this period 
he pursued further studies in engi- 
neering at Carnegie Institute of 
Technology. 

During the war he was in the Civil 
Service of the United States Navy 
Department inspecting = and 
propulsion equipment at Brooklyn. 

In December, 1929, left the Navy 
Department to go with The Lincoln 
Electric Company as Research Engi- 
neer in electric arc welding. 

C, J. THALE, author of the paper on 
“Welding of Piping in New York 
Hospital—Cornell Medical Clinic,” 
was born and raised in Indiana. 
Graduated as Mechanical Engineer, 
Purdue University, 1908. Has been 
with Almirall & Company since 1910. 
Manager of Chicago office 1910-1926. 
In New York office since 1927. Mem- 
ber of firm and Sales Engineer. Pa- 
per covered Pipe Welding at the New 
York Hospital and Cornell Medical 
College Association group in New 
York City from the contractor’s 
standpoint. 

R. A. WEINMAN, author of the pa- 
per on “Fatigue Properties of Welds,” 
graduated from Pratt Institute in 
1908 in Electrical Engineering course. 
He spent two years in the General 
Electric Testing Department and has 
since been associated with the Re- 
search Laboratory, General Electric 
Company, Schenectady, N. Y. 


Erratum 


Attention is called to an omission 
of a footnote in connection with the 
article by Mr. Vincent P. Marran on 
“Large Diameter Pipe Arc Welded 
for Water Distribution,” appearing in 
the August issue of the JOURNAL. 
The cuts used in connection with this 
article were furnished through the 
courtesy of the General Electric Com- 
pany. 





SECTION ACTIVITIES 


DETROIT 


The following is a tentative pro- 
gram of the meetings which the De- 
troit Section is planning to arrange 
during the winter. 


Seven meetings are planned—with the 
possibility of a final meeting in the spring. 

A joint meeting with the Detroit En- 
gineering Society. Mr. Ellis of Pitts- 
burgh Testing Lab., speaker. 

Program on Resistance Welding by Mr. 
F. B. McBurney of the Federal Welding 
and Machine Company. 

A joint meeting with the Detroit Safety 
Council with a speaker from the General 
Electric X-Ray Corp., on x-ray inspec- 
tion of welds. 

Industrial Pipe welding with a speaker 
from Linde Air Products Co. 

A paper on arc welding or some form 
of gas welding by J. B. Manor of Weldit 
Acetylene Co. 


























High Speed Are Welding by a speaker 
from A. O. Smith Corp. 
A paper on Are Welding of stainless 
steel. 


PHILADELPHIA 


The next .meeting of this Section 
will be held on Monday, Oct. 19, in 
the Auditorium, Engineers Club. 

. M. Priest, assistant engineer, 
American Bridge Company, will talk 
on “The Welding of One-Story Struc- 
tures.” It is also planned to show a 
motion picture of structural welding 
taken in Europe. This will be the 
first time that this picture will be 
shown in this country. 

The September meeting was held on 
the 21st. The following papers were 
presented: “Protection from Fumes, 
Dust and Injurious Rays in Welding 
Operations” by F. H. Klein, engineer- 
ing sales, Willson Products, Inc., and 
“Properly Protecting the Welder” by 
J. H. Reid, vice-president and sales 
manager, Chicago Eye Shield Com- 
pany. 

NEW YORK 


The first meeting of the 1931-32 
season will be held on Oct. 20 in the 
Engineering Societies Building. This 
meeting will be devoted to structural 
welding and the following subjects 
will be presented: Reinforcing Crane 
Runways with Are Welding; Widen- 
ing and Strengthening of Highway 
Bridges; Flame Cutting of Low Car- 
bon Steel. The speakers for the even- 
ing will be: A. Vogel, General Elec- 
tric Company; H. B. Mish, consulting 
engineer, and J. R. Dawson, Union 
Carbide & Carbon Research Labora- 
tories. 





EMPLOYMENT SERVICE BULLETIN 
SERVICES AVAILABLE 


A-144. Electric welder with twelve years’ experience de- 
sires position. 
A-145. Electric welder on boiler and tank work desires 
position. 
POSITION VACANT 


UNITED STATES CIVIL SERVICE EXAMINATIONS 


The United States Civil Service Commission announces 
the following-named open competitive examinations: 


ASSOCIATE METALLURGIST 
ASSISTANT METALLURGIST 


Applications for the positions of associate and assistant 
metallurgists (optional Son ee- SerroMs metallurgy, non- 
ferrous metallurgy, physical metallurgy, and ore dressing) 


must be on file with the U. S. Civil Service Commission at 
















Washington, D. C., not later than December 30, 1931, except 
that the Commission reserves the right to issue subsequent 
notice closing the receipt of applications before that date. 

The examinations are to fill vacancies in the departmental 
and field services. 

The entrance salaries for associate metallurgist range 
from $3,200 to $3,800 a year, and for assistant metallurgist 
from $2,600 to $3,200 a year. 

Competitors will not be required to report for examina- 
tion at any place, but will be rated on their education, 
training, experience, and fitness, and on a thesis, reports, 
or published writings. 

Applicants must have been graduated with a bachelor’s 
degree from an institution of recognized standing, with 
major work in chemistry, physics, or metallurgy. Certain 
o— experience or postgraduate education is also re- 
quired. 

Full information may be obtained from the Secretary of 
the United States Civil Service Board of Examiners at the 
post office or customhouse in any city or from the United 
States Civil Service Commission, Washington, D. C. 















































This paper was presented at the Fall Meeting of the 
A. W. S. in Boston, September, 1931, by H. F. Reinhard 
of the J. B. Colt Co. 


URING the past several years a great many 
L) sheet metal fabricators have had considerable 

experience with the bronze welding of galvan- 
ized sheets. The results of our own experience have 
been so favorable that it is thought a brief account of 
the application and results will be of interest to you. 
I propose to tell you about the use of bronze welding 
as applied to light gage galvanized sheet steel and 
iron in the fabrication of a house lighting and cooking 
type Acetylene generator, and how the strength, life, 
gas and water tightness and resistance to shipping 
and handling damage were greatly increased by the 
use of bronze welding. 
First, it might be well to explain the construction 
and operation of the generator I will refer to. Figure 
1 shows the construction of the generator. It is 7 
ft. 84% in. high and 3 ft. in diameter, outside dimen- 
sions. When installed, it is buried out of doors in the 
ground up to within 6 inches of the top of the genera- 
tor. This prevents freezing of the water in the gen- 
erating and bell seal chambers, facilitates charging 
and of course necessitates very little space for its in- 
stallatien. 
The outside shell of the generator is a large cylin- 
drical shaped galvanized tank. The bottom part of 


the carbide drops. The upper part of the tank en- 
closes a floating gas bell, a large carbide hopper hold- 
ing 200 lb. of carbide at one filling equipped with a 
simple feed valve, and a gas filter. The motive power 
is gravity and the operation is entirely automatic. 
You will note that the hopper is supported on an inner 
cylinder known as the neck and that the neck is con- 
nected to the outer shell by a diaphragm or breast, 
thus forming the water seal in which the gas bell 
floats. 

The gas bell is a very vital part. As gas is used, 
the bell lowers, pushing the carbide feed valve open 
allowing the carbide to drop into the water, making 
more gas. The gas raises the bell permitting the car- 
bide feed valve to close automatically. The gas as 
used, passes through the filter into the service line. 
The old and new method of making the gas beil 
seams is shown in Figure 2. The vertical seam was 
of single lock seam construction with solder sweated 
into the seam. It is now a simple butt weld. The bell 
top to bell body seam was of double lock seam construc- 
tion with solder sweated into the seam. It is now a 
lap weld formed by turning a half inch flange on the 
top, sliding the top down over the cylindrical body 
and bronze welding the edge of the top flange to the 
bell body. With the lock seam and solder construc- 


this tank is used as a large water reservoir into which. 


USE OF BRONZE WELDING 5 
tion the thickness of the sheet metal used was limited 
to 20 gage because of the difficulty in double lock 
seaming in heavier gage metal. 

An Improved Product In addition the lock seam and solder construction was 
open to the criticism that the seams would develop 
leaks if subjected to rough handling during shipment 

by the Use of or in service. Adoption of bronze welding permitted 
use of 18 gage metal, and in addition helped to solve 
di certain problems which are discussed later. 
Bronze Wel In? Figure 3 shows the unloaded position of a rather 
unique fixture designed to facilitate welding of the gas 
bell vertical or longitudinal seam. The fixture con 

By H. F. REINHARD sists mainly of a pair of weighted arms which when 

clamped into position, hold each end of the rolled bell 


all 
into the 


body separately and in such a way 
buckling and creeping. Copper inserts 


as to prevent 
built 





Fig. 1—Country Home Lighting and Cooking Type 
Acetylene Generator 
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GAS BELL SEAMS Figure 6 shows the same fixture loaded and with the 
welder at work. 

I might at this point say a little more about the 
bulge in the gas bell top, as the heavier metal used 
together with the bronze welding process solved a 
rather vexing problem. 








SOLDER : ; , 
: OLD “ OLD Figure 7 will help to explain the matter. The dis- 
VERTICAL BELL HEAD TO tance from the center of the gas bell top to the bottom 
LOCK wore of the gas bell is very important as a reinforcing plate 
SEAM LOCK SEAM in the center of the gas bell top actuates the hopper 


feed rod as the bell lowers and rises, and it is important 
that the amount that the feed rod is depressed just 
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fixture stakes conduct the heat away rapidly and thus 
reduce the amount of action on the galvanizing along 
the seam. Figure 4 shows the closed position of the 
same jig with the welder at work. 

Difficulty was at first experienced with bulging of 
the gas bell head or top, due to the application of heat 
on the outer circumference of the head. This bulging 
is controlled by a suitable jig which holds the top in 
proper alignment, the bulge being taken into account 
in the dimensions of the gas bell. Figure 5 shows the 
unloaded position of the fixture used. It is a horizon- 
tal rotating type fixture clamped by means of a lever 
and catch arrangement which forces a spider against 
the open end of the bell and presses the top of the 
bell to the body against a plate with lugs spaced at 
intervals. 





Fig. 4—Longitudinal Seam Being Bronze-We'ded 


before the gas bell lands, be accurately controlled. 

With No. 20 gage metal and the old lock seam con- 
struction, the gas bell top would usually be in a convex 
position when the bell was lowered into the generator, 
and it would usually snap down te the concave position 
when the gas bell was being lifted out of the generator. 
The trouble was that one could not be sure that it would 
be in the positions just mentioned and if it were not in 
the convex position when the bell landed, the hopper 
feed rod would not be depressed the proper amount. In 
addition this flexing back and forth tended to break the 
solder in the bell top to body seam. With the heavier 
metal which we were able to use in the gas bell com- 
bined with the bronze welding process, we soon found 
that we were able to definitely control the bulge in the 
Fig. 3—Jig for Longitudinal Seam (Unloaded Position) gas bell top and to permanently fix it in the convex posi- 
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Fig. 5—Jig for Head Seam 


tion. The result is that we are now able to very accu- 
rately control the distance between the reinforcing 


_ plate in the center of the gas bell top and the bottom of 


the gas bell. This insures proper operation of the 
hopper feed valve at all times. 

Mention has already been made of the fact that 
bronze welding permitted using heavier gage metal in 
the gas bell. As the weight and top area of the gas bell 
govern the pressure, the extra weight of the sheet 
metal used when bronze welding is compensated for by 
using a narrower and lighter weight band on bottom of 
gas bell. The cost of material is therefore not appre- 
ciably affected. 

The old method of joining the neck to breast or dia- 
phragm as shown on the left half of Figure 8, consisted 


in turning a half inch 60 deg. flange on the bottom of the | 


neck and then joining the neck and breast by riveting 
and soldering. You have already noted that the neck 
is required to support the hopper as well as the 200 
lb. of carbide which the hopper holds, and it some- 
times happened that if the hopper was lowered into 
the neck too roughly, a leak would develop at the riveted 
and soldered neck to breast joint. The right half of 
Figure 8, shows how bronze welding eliminated the 
riveting and soldering without changing the construc- 
tion in any other way. At the same time bronze weld- 
ing of the short transverse seam was adopted in place 
of the riveted and soldered construction previously used. 

Bronze welding is used to eliminate a heavy and cost- 
ly threaded flange fitting which was riveted and 
soldered to the generator neck and through which the 
pipe leading from filter to service line passed. The left 
half of the illustration shows the old method of riveting 
and soldering the heavy flange fitting to the neck, short 
pipe fittings being screwed into the fitting from either 
side. The right side of the illustration shows how the 
‘ostly threaded flange fitting was eliminated by the 
simple expedient of bronze welding, a regular pipe elbow 
through-the breast or diaphragm. This change mate- 
rially inereased the strength of the connection, de- 


creased the possibility of leaks, and eliminated the 
costly threaded flange fitting. In addition it has per 
mitted doing way with the bottom four inches of the 
gas bell seal chamber, since under the old method, land- 
ing brackets for the gas bell had to be provided above 
the flanged fitting in the neck. The saving in metal 
is considerable. We now have the same height of bell 
seal with only 36 gallons of water in the bell seal cham- 
ber as compared to the 44 gallons previously required. 
This also provides an appreciable economy in those very 
cold climates where an anti-freeze solution must be used 
in the gas bell seal chamber. 

The left half of Figure 9 shows the old riveted and 
soldered bottom to lower section seam. These seams 
were carefully tested for leaks at the factory but oc- 
casionally rough handling in transit or in installing, re- 
sulted in slight leaks. Such leaks were especially diffi 
cult to repair if not found until after installation of the 
generator, as it was usually necessary to dig the gen- 
erator out of the ground. Bronze welding was adopted 
and the right half of Figure 9, shows the seams as 
bronze welded. 

A rather small but important change made possible 
by bronze welding is in the casting used to support the 
agitator pipe. This casting was formerly riveted to 
the bottom and the rivets soldered on the underneath 
side to prevent water leakage. Occasionally through 
rough handling in transit or usage, the solder would 
break loose around the rivets and a leak would result. 
Doing away with the rivets by bronze welding the cast 
ing to the generator bottom, eliminated any chance of 
leaks at this point. 

There are other points in this particular generator 
where bronze welding is effectively used, such as in 
bronze welding the seal tube where it passes through 
the breast or diaphragm, bronze welding the gas bell 
air inlet plug flange and the gas bell handle ears, but to 
describe the applications would be more or less a rep 
etition of what I have already said. 

It might be well to say just a few words about weld 
ing rods. Although we were getting very good results 





Fig. 6—Head Seam Being Bronze-Welded 
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with a regular bronze welding rod, in the early part 
of 1929 a new High Strength Bronze Welding Rod was 
put on the market which is unique in possessing certain 
strengthening and fluxing agents. 

The results secured in using the new High Strength 
Bronze Welding Rod were much better and might well 
be summed up as follows: The weld metal during dep- 
osition flows and tins very smoothly and easily; while 
welding there is a notable freedom from boiling and fum- 
ing of the weld metal; elimination of oxide and gas in- 
clusions makes the weld metal remarkably free from 
blowholes and sound in every respect; tensile strength 
of welds average considerably higher than those ob- 
tained from other bronze welding rods; remelting of 
the weld has little or no effect upon the structure of 
the joint. . 

The results we have secured with bronze welding 
have been all and more than we originally expected. 
Previous to the adoption of bronze welding a careful 
inspection of gas bells that were returned to the fac- 
tory for various commercial reasons, showed that 24 
per cent had developed slight seam leaks due to the 
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rough handling in transit. No leaks have been found 
in any returned bronze welded gas bells. This record 
is the best kind of proof of the merits of the welded seam. 
Tests made on a Riehle physical testing machine 
showed that bronze welded seams were 315 per cent 
stronger than the soldered double-lock seams. 

As to the cost of bronze welding compared to lock 
seaming and soldering, riveting and soldering, etc., it 
is difficult to give a definite general answer. Where 
the bronze welded joint simply replaces one made by the 
other methods mentioned, the first cost may be slightly 
higher. Where bronze welding permits doing away 
with expensive threaded flanges in similar construc- 
tion or in saving of material, the slightly added initial 
cost of bronze welding is more than compensated for. 
The freedom from future trouble and expense guar- 
anteed by bronze welding is a rather intangible factor 
but an important one. In a farm lighting and cooking 
generator it is of paramount importance. In a device 
similar to the generator in question, bronze welding 
should result in a considerable saving over other 
methods of fabrication. 

A question which naturally occurs is what effect 
bronze welding has on the galvanizing adjacent to and 
back of the weld and the consequent effect of any action 
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as well as of the welding rod on rusting and corrosion. 

In bronze welding galvanized metal, the galvanizing 
along the edge and back of the weld is somewhat 
destroyed but the damage is much less than might be 
expected. Less heat is of course required for bronze 
welding than for steel welding and any damage to the 
galvanizing is likewise less. It should also be remem- 
bered that the galvanizing along the seam is also dam- 
aged by other methods of fabrication such as double 
lock seaming. Methods of fabrication usually expose 
an unprotected sheared edge but in bronze welding the 
edge is re-protected by the weld itself. 

Where the galvanizing is damaged during welding or 
lock seaming, rusting or corrosion can be prevented by 
re-tinning or by an application of other suitable protec- 
tive coatings. In the generator I have been describing, 
all bronze welded seams except the gas bell seams are 
coated with a black asphalt paint. A paint which dries 
very quickly, and which I believe consists of vulcanized 
gum rubber dissolved in benzol is brushed around the 
welded seams of the gas bell, inside, and the bell is then 
submerged bottom downward in the same rubber paint so 
as to thoroughly coat all outside seams. The outside of 
the gas bell vertical seam is re-tinned first as it is subject 
to particularly corrosive influences floating as it does 
in a water seal and with the oxygen of the air present 
in abundance. Without going into the electrolytic and 
other theories of corrosion, the answer to the rust and 
corrosion question is that in the several years since we 
have adopted bronze welding, we have had no trouble 
from rust or corrosion, the simple protective coatings 
being sufficient, if indeed, in most instances, they are 
needed at all. 


Fig. 9 






AGITATOR | 
PIPE 

SUPPORT 

CASTING 


























RIVETED AND BRONZE WELD BRONZE WELD 
SOLDERED TO BOTTOM 
TO BOTTOM 








ion. 
ing 
hat 

be 
nze 
the 
em- 
am- 
ible 
ose 
the 


r or 
_ by 
tec- 
ing, 
are 
ries 
ized 
the 
hen 
it so 
e of 
ject 
loes 
sent 
and 
and 
: we 
uble 
ings 
are 





1931 WELDING BUILDINGS 


AT YALE UNIVERSITY 9 








The Yale University 
Group of Welded 
Buildings 


By GILBERT D. FISH 


+ Paper presented at Fall Meeting, A. W. S., Boston, Sep- 
tember, 1931, by Gilbert D. Fish, Consulting Engineer, 
Consulting Structural Engineer to Westinghouse Elec. & 
Mfg. Company. 


used for a group of four unrelated buildings at 

Yale University. All four are in charge of dif- 
ferent architects and no two are similar in form or 
architectural style. Three general contractors and two 
steel contractors are employed on the group. At the 
time of writing, late in August, 1931, two are under 
erection and steel for the other two is being fabricated. 

The first to be started is the smallest, known as the 
Briton-Hadden Memorial, which will house the Yale 
News. It is a four-story brick-bearing-wall structure, 
the style and size suggesting a private residence. Only 
a few tons of steel are required, and the operation is 
not very interesting structurally, except perhaps in 
respect to the light gable roof framing. 

The Sheffield Scientific School Administration Build- 
ing, now nearly completed as to steel, is five stories 
high but has an eleven story tower in the middle. It is 
of Gothic architecture and is to be faced with stone. 
The steel skeleton framework weighs 800 tons and is 
very irregular. Most of the beam-to-column connections 
are eccentric. The roof is steeply pitched and has many 
gables. The tower columns are offset and are carried 
by girders requiring uncommonly heavy connections. 
Three crawler cranes have been used, one to unload and 
distribute steel and two for erection. After erection 
and welding of the first tier of steel the erecting cranes 
were placed upon the first floor framing and used to 
erect steel from first tier to main roof. 

The Dormitory Quadrangle at College and Elm Streets 
is laid out as a hollow square. It varies from four 
stories to seven, has a complicated gabled roof with 
occasional towers and turrets, and is extremely irreg- 
ular in floor plans. The framing is so lacking in repeti- 
tion that all the columns and most of the beams and 
roof members require individual shop drawings; a large 
proportion of the columns are offset at various tiers, 
and a number of heavy members are therefore needed. 
Generally, the framework is no heavier than for apart- 


CF wet fora arc-welded steel frames are being 


-ment house construction, but it is far more complicated. 


The weight of steel is 940 tons. 

In striking contrast with the Sheffield Building and 
the Dormitory Quadrangle is the addition to the Yale 
Medical Center and New Haven Hospital, known as the 
Sarah Wey Tompkins Memorial. In harmony with the 
building group to which it belongs, it is a simple rect- 
angular wing, six stories high, with brick skeleton walls 
and flat roof; 560 tons of steel are required for the 
ward unit and alterations to an existing building in- 
cluded in the present operation. 

The Yale group has offered an opportunity to study 
welded construction in application to a variety of insti- 
tutional buildings, which are very different from the 


factories, mill buildings, shops and relatively simple 
commercial structures which have heretofore comprised 
most of the welded and partly welded buildings. Not 
only is the variety of welded connections necessarily far 
greater than in any earlier welded construction, but the 
position of the university as an owner without commer- 
cial interest in any construction method has provided 
an exceptional opportunity to test the feasibility and 
economy of welding under open market conditions with 
a variety of architects and contractors. It should be 
understood that these buildings are welded throughout, 
not merely as to field connections. 





Fig. 1—Yale Sheffield Administration Building. Heavy Framing 
Under Tower 


It is well known in contracting circles that bids on 
individual buildings are far from conclusive as to the 
relative economy of competitive construction methods, 
especially at a time when bidding is unusually erratic 
as at present. It is therefore not to be regarded as 
proving any general relationship, but it is interesting 
nevertheless that on the Sheffield Building the two low 
est bids on the welded basis were lower than any of the 
numerous bids based on riveting, the saving in the 
awarded price being about 13 per cent, and that on the 
Dormitory and the Hospital the two steel contractors 
are handling the work at prices for which they would 
not furnish riveted construction. The Sheffield Build- 
ing was the only one for which bids based on riveting 
were received but on the Dormitory job shop-riveted- 
field-welded proposals were received which did not 
compare favorably with all-welded construction. 

There are strong reasons for beileving that it is 
necessary to use welding for shop work in order to 
accomplish any substantial economies. Substituting 
welding for riveting in erection only, while effective in 
reducing noise, cannot save any considerable expense, 
unless perhaps by a system of erecting plain mill mate- 
rial and welding it in place. The writer believes that 
the practice of field-welding buildings which are shop- 
riveted, while entirely sound as to engineering and 
sensible from the viewpoint of the owner who wishes to 
avoid riveting noise at the building site, is a temporary 
response to the demand for quiet construction and will 
give way to the more economical all-welding method. 

It is interesting, but not surprising, that both of the 
fabricators handling the Yale contracts prefer to do as 
much of the work as possible in the shop rather than to 
exercise the option of sending a large proportion of 
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Fig. 2—Yale Sheffield Administration Building. 
at Outer Wall 


Typical Framing 


beams directly from rolling mill to building site. In 
partial explanation of this, it may be remarked (1) 
that the mill-in-transit return on freight prevents any 
loss to the contractors from taking the steel to their 
shops instead of sending it directly to New Haven, (2) 
that in these buildings most of the beams are flush-top 
and therefore nearly all pieces require some prepara- 
tory work before erection, (3) that there is not much 
room alongside the buildings for ground preparation, 
and (4) that unit costs are much higher in the field 
than in the shop. 

These buildings do not offer particularly good oppor- 
tunities to save steel by redesigning to suit welding; 
they lack trusses, plate girders, cantilever balconies and 
lines of beams which might be made continuous. Some 
redesigning of roof frames, cover-plated girders and 
cantilevers has, however, accomplished appreciable 
savings. The connections designed for welding weigh, 
on the average, under 2! per cent of the total steel, 
as compared with a probable 5 per cent if riveted. 

The connections were designed for economy with 
respect to weight, amount of welding, and simplifica- 
tion of fabrication, and for reasonable convenience in 
erection. Generally, one or two erection bolts occur 
at column connections, but not at flush beam-to-beam 
connections. In the Sheffield and Dormitory jobs. 
where the beams are relatively numerous and most of 
the columns are not more than moderately heavy, the 
erection holes are concentrated mainly in the columns 
and very few beams have to be punched; in the Hos- 
pital job the columns are heavier and the beams less 
numerous, and the holes are therefore confined to the 
beams, no hole occurring in any column. In the Hos- 
pital most of the beams are connected to columns, 
and these connections are of the seat-and-top-angle 
type without web connections. In the Sheffield and 
Dormitory buildings, where the framing includes al- 


most every known eccentric, skew and sloping rela- 
tionship of beams to columns and all possible eleva- 
tion differences in beam-to-beam connections, the 
joint designs are extremely variegated and naturally 
have no uniformity of style. These joints range in 
working capacity from 6000 to about 250,000 lb. Over 
10,000 beams are used in these buildings, and as there 
are not many duplications, there are necessarily thou- 
sands of different joint details. 

In all these structures, most of the beam-to-column 
connections include beam seats which are _ shop- 
welded to the columns; in some cases these are little 
more than erection seats, most of the load being car- 
ried by web connections, but more frequently the 
seats carry the entire load or a substantial part of it. 
Beams supported by other beams are generally at- 
tached to them by web connections, erection bolts not 
being used. All column splices are of the butt plate 
type, which is simple and cheap and which provides as 
much bending resistance as may be desired. 

In many cases beams are supported wholly or in 
part by welding their webs directly to column flanges 
or the webs of supporting beams. Where the sup- 
porting member is rigid, secondary bending stress oc- 
curs in this kind of joint due to beam deflection, and 
in any such case care has been taken to proportion 
the welds to the supported beam web in such manner 
as to insure that any yielding shall occur in the beam 
web rather than in the welds. 

Flush-top beam-to-beam connections are erected 
with the aid of shop-welded plates projecting beyond 
the coped ends of the supported beams; these plates 
rest on top flanges of supporting beams and hold the 
carried members at the desired elevations until the 
web connections are welded. These projecting plates 
are very convenient and inexpensive and make erec- 
tion easy. 

In preparing to take bids on the steel for these 
buildings, all typical connections and many special 
ones were designed and drawn as part of the informa- 
tion furnished to bidders; in addition, weights of con- 
nection material and quantities of shop and field 
welding were accurately estimated and reported to 
bidders. This preparatory work was largely respon- 
sible for the close estimating done by the lowest 
bidders. It is believed that owners contemplating 
welded construction would be well advised to have 
their work laid out in advance in order to obtain 
favorable bids; the results of asking for bids on 





Fig. 3—Yale Dormitory Quadrangle About One-Third Erected 
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welded construction without furnishing definite in- 
formation to contractors is usually to receive higher 
ngures than are quoted for riveted construction. 

Some photographic illustrations accompanying this 
paper show representative joints in the Sheffield 
Building, but field work on the dormitory and hospital 
jobs is not advanced enough for photography. The 
writer believes that many of the joint types used in 
these buildings will again be used on future work, but 
does not offer them as joint design standards because 
it is probable that the evolution of design for welded 
buildings will bring rapid and perhaps striking 
changes in a year or less. Some of the joint types 
were used in 1926 and were found satisfactory enough 
to retain on succeeding work. A few of the designs 
appear to be hardly worth preserving. 

The system used for guiding the detailers in mak- 
ing the shop drawings and for showing the field wel- 
ders what welding is required, is to prepare drawings 
of all joint designs to be used, assign serial numbers 
to these designs and mark these numbers on the fram- 





Fig. 4—Yale Sheffield Administration Building. 


A Corner of 


the Tower 


ing plans at the intersections of the members. Ex- 
perience with the very numerous serial numbers re- 
quired for the first two of the Yale buildings led to a 
more comprehensive system on the Dormitory job, 
for which combinations of numbers and letters are 
used; each number represents a type for which a 
single design sketch suffices, and the several letters 
used for different cases of that type stand for various 
sizes and therefore various strength values. The only 
apparent drawback of this system is that any de- 
parture from these joint designs which may be found 
necessary when the shop drawings are made, necessi- 
tates a revision of one or more joint numbers on the 
erection plans and possibly requires some supplemen- 
tary joint designs to be issued. 

The work of detailing welded buildings appears to 
be no more exacting or difficult than the correspond- 
ing work on riveted construction, but it is certainly 
not much if any easier. The saving of dimensioning 
for rivet holes is offset by the need for specifying 
sizes and lengths of welds, and the greater variety of 
velded connections is an added burden. The writer 
has handled the shop drawings on two of the Yale 


buildings in order to study the detailing problems of 
welded construction at first hand, and is impressed 
by the need for comprehensive classification of joint 
designs for ready reference and for reduction of draft- 
ing room labor. 

Shop and field inspection of the steel for these 
buildings is handled by the writer’s organization in 
much the same way as the corresponding work in 
riveted construction is handled by firms engaged in in- 
spection as a specialty. A resident inspector at each 
fabricating shop, trained primarily in structural weld- 
ing but having experience in inspecting steel and read- 
ing shop drawings, examines and qualifies all welding 
operators, passes on welding equipment and elec- 
trodes, inspects all welds and breaks off occasional 
connection angles to study the weld fractures, checks 
all steel sections and joints against the shop drawings, 
paints his initial on every accepted piece before it is 
shipped, makes sure every welder initials his own 
work, and makes weekly reports of all objections and 
difficulties. A resident inspector at the building site 
examines the connections on all steel as delivered to 
discover any damage during transit, examines and 
qualifies all field welding operators, passes on equip- 
ment and electrodes, watches every operator at work 
several times daily, inspects every joint and every 
single field weld for agreement with drawings as wel! 
as for quality, examines the shop welds as a re-check 
on the shop inspector, measures the columns and 
beams as a second defense against errors in section, 
supervises cleaning and painting, marks his initial 
on every joint when he passes it, and checks off in- 
spected joints on the erection plans to insure com- 
pleteness of inspection. Mere general inspection of 
quality is by no means sufficient to insure safety in 
any form of construction. As the inspectors are men 
of highly specialized training and are responsible 
only for proper execution of work in accordance with 
the drawings, the writer visits each shop and each 
building site about once a week, not merely to act on 
questions which arise and make sure of the systematic 
conduct of the work, but especially to look over the 
connections for questionable or dangerous details 
which may have escaped attention on the drawings; 
quite a few things of this sort come to light, and the 
writer would not at present be content to supervise 
any such complicated welded structures as these with- 
out the supplementary check-up. 

We do not often resort to laboratory testing of weld 
specimens because experience has shown that close 
observation of a welder’s work, continued day after 
day with occasional breaking of welds which have not 
been made for exhibition, affords a degree of control 
to which laboratory tests add very little, provided, of 
course, that the inspector is highly experienced. In 
dealing with situations where considerable numbers of 
welders have to be recruited, the inspectors have to 
become instructors and work with patience to over- 
come bad welding habits and to train the new men to 
work to size; welders who do not at once show ability 
to hold a steady arc and obtain thorough fusion are 
summarily rejected. 

Setting high standards for welding workmanship, 
constant checking up on the individual welders’ fu 
sion and other characteristics, passing all shop-in- 
spected work under the review of a senior inspector 
in the field, and weekly visits by the engineer to shop 
and field, make a combination of safeguards which 
leaves very little to chance. If the precautions seem 
over-elaborate, let it be understood that the joints in 
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the buildings under discussion have been designed 
closely to the maximum stresses allowed by the A. W. 
S. Building Code and require the full strength which 
they are supposed to have. Expressing all sizes of 
welds in terms of their volume equivalents in %-in. 
fillet welding, the average for these buildings is about 
8 ft. of shop welding and 4 ft. of field welding per ton 
of steel. If double these quantities had been used, 
some relaxation in inspection routine might be per- 
missible. 

In order to reduce the welding materially below 
these figures on future work, and to reduce the weight 
of connections below the 2 to 2% per cent now re- 
quired, it will probably be necessary to introduce im- 
proved weld metal with increased ductility. Vastly 
improved joint designs, which will become possible 
when danger from secondary strains and temperature 
stresses in ordinary weld steel is no longer a vital 
consideration, may be expected to bring marked 
changes in welded building construction by 1932, and 
to widen the margin of cost saving which now exists 
in favor of the method. 
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were the first to be used for welds. Soon after 

considerable success had been attained with these 
steels, other ferrous alloys were successfully used 
which gave higher mechanical strength and possessed 
other advantageous properties, both commercial and 
economic. 

There is very little known about the effect of such 
metals as chromium, nickel, silicon, manganese and 
other non-ferrous constituents of steels as used in 
electrodes for welding. It would seem, from our 
knowledge of these metals by themselves, that they 
should impart to the weld some characteristics other 
than might be expected from low carbon steel. 

The purpose of this investigation is to show the 
effect of the addition of these metals in steel as filler 
rod and base metal.. 


INTRODUCTION 


This paper deals with mechanical properties of 
metals deposited by means of the atomic hydrogen 
flame in the form of welds and built-up specimens. 
The most important of the mechanical properties con- 
sidered in this investigation are those involving fa- 
tigue under continued alternating stress. 

The specimens used for the tests represent samples 
produced by at least fifteen different operators who 
have been associated with our company during the last 
two years or more, the majority being engaged in weld- 
ing production work. 


T all processes of fusion welding, low carbon steels 


Testing Machines and Their Location 


All static tests were conducted in the Testing Labor- 
atory of our company with an Amsler hydraulic tension 
testing machine. 


Yale University building operations are under the 
direction of Mr. Thomas Farnam, Associate Treas- 
urer; Mr. 8S. H. Francis is Superintendent of Construc- 
tion. For the Sheffield Building, Messrs. Zantzinger, 
Borie & Medary of Philadelphia are architects, 
Messrs. Gravell & Duncan are structural engineers, 
Dwight Building Co. of New Haven is general con- 
tractor, and Pittsburgh Bridge & Iron Works steel 
contractor. For the hospital, Mr. Henry C. Pelton is 
architect, Messrs. Lange & Noska are structural en- 
gineers, Sperry & Treat Co. of New Haven is general 
contractor, and Palmer Steel Co. steel contractor. For 
the dormitory quadrangle, Mr. John Russell Pope is 
architect, Elwyn E. Seelye & Co. are structural engi- 
neers, Mare Eidlitz & Son are general contractors, and 
Pittsburgh Bridge & Iron Works steel contractor. 
For the Briton-Hadden Memorial, Messrs. Adams & 
Prentice are architects, Sperry & Treat Company gen- 
eral contractor, and the Palmer Steel Co. steel con- 
tractor. Churchward & Co. of New Haven are field 
welding contractors on the Palmer Steel Co. jobs. 
Mr. R. Kraus is chief steel inspector on the buildings. 


Fatigue tests on built-up specimens of metal were 
conducted at the Rensselaer Polytechnic Institute at 
Troy, N. Y., by Prof. T. R. Lawson and his associate 
Prof. E. R. Wiseman. The R. R. Moore fatigue ma- 
chine was used for these tests since it requires the 
smaller specimen, as shown in Fig. 1. 

This machine is a double, plain bearing, rotating 
beam type having a speed of 1725 r.p.m. Additional 
parts were attached to the machine to release the 
load and also prevent starting again should the motor 
power fail during the absence of an attendant. (See 
Fig. 2). 





Fig. 1 


Slight modifications were made in the specimen 
where it was held in the bearing of the machine, as 
shown in Fig. 1. 

The welded fatigue srecimens were tested in the 
Turbine Department of the General Electric Company 
at Schenectady in machines designed by C. E. 
Weaver.’ These are modified forms of the White 
Souther and McAdam types, operating at a speed of 
2200 r.p.m. Fig. 3. 

The type of specimen used for tests in this machine, 
shown in Fig. 4, was a rotating cantilever beam, the 
reduced section of which was similar to the McAdam 
type C’ specimen. 

A single V weld was placed at the position of max- 





‘Manager's Office, General Electric Company, Schenectady, 


 '? Chem. & Met. Eng. 1921, 25, p. 1081 
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Table 1—Analysis of Metal in Original Form 
Filler 


Rod Cc Mn Cr V Si Ni P S 

1 0.10 0.25 0.035 0.045 
0.45 

2 0.50 0.67 0.94 0.18 0.027 0.019 

3 0.46 0.61 3.41 0.018 0.020 

4 0.47 0.56 1.98 0.04 0.040 

5 0.13-0.18 0.40 trace 0.035 0.045 
0.60 

6 0.08-0.16 0.60 0.09 0.075 
0.90 0.13 0.150 

7 0.13-0.18 0.40 trace 0.03 0.045 
0.60 


Plate Metal Used 


Cc Mn Cr V Si Ni P Ss Mo 
Ss 0.09 0.50 0.018 0.043 
0.18 0.40 
H 0.28 0.50 1.10 1.75 0.030 0.040 0.25 
0.35 0.60 2.25 0.40 
325 0.50 0.57 1.08 0.17 0.25 


imum stress, S in Fig. 4, which was in the plane 
whose diameter is 0.4687 in., although the stress from 
the bottom of the fillet over a distance 1% in. from 
that position varied only 1% per cent. The end of 
the specimen that fitted into the chuck was ground 
to conform to a standard No. 3 Morse taper. 

This machine was also equipped with a load release 
and no-voltage release in case of accident to power 
supply to motor. The load in both fatigue machines 
was gradually applied, after the specimen was rotat- 
ing at full speed, by a lever mechanism which was 
held in final position by a solenoid excited within all 








Fig. 2 (R. R. Moore Fatigue Testing Machine) 


circuit breaking devices to the power supply of the 
motor. 


Material Used 


The metals used for filler rod materials in these 
tests are listed in Table 1. Nos. 1, 5 and 7 represent 
low carbon filler rod which received a surface treat- 
ment for the purpose of arc welding. No. 6 is a bare 
wire which was used for machine parts only. Nos. 2, 
3 and 4 metal contained small amounts of chromium, 
nickel and silicon respectively. 

The base metal marked S is common machine steel 
with a tensile strength of 60,000 lb. per square inch 
and proportional limit of 50 per cent of this steel. H 
metal was selected for these tests because of its high 
tensile strength, approximately 150,000 lb. per square 


TABLE 2—ALL DEPOSITED METAL 





Tensile Yield Proportional Elon- 

Strength Point imit gation 

Spveci- in Lbs. in Lbs. in Lbs. in 2 In., 

men per Sq.In. per Sq.In. per Sq.In. Per Cent 

Avg 50,800 33,700 31,700 28.2 
2 Avg 111,450 76,700 69,000 7.3 
Avg 80,400 62,400 46,000 14.6 
Avg 67,000 42,000 35,000 15.5 
Avg 53,350 35,100 34,500 36.0 
) Avg 58,500 83,600 32.000 20.1 
7 Avg 52,440 32,200 30,700 26.5 


Maximum 
Reduction Fiber Stress 
of Area, in Lbs. No. of 
Per Cent per Sa. In. Cycles Remarks 


39,000 


3,284,000 


To failure 


36,000 750,000 To failure 
65.4 32,000 4,257,000 To failure 
30,000 5,497,800 To failure 
28,000 22,036,100 No failure 
42,000 1,135,700 To failure 
40,000 1,201,400 To failure 
30.3 35,000 2,043,000 To failure 
25,000 10,839,300 No failure 
44,000 484.000 To failure 
40,000 1,615,200 To failure 
31.0 35,000 6,102,700 No failure 
30,000 15,460,000 No failure 
42.500 759,300 To failure 
40,000 1,803,000 To failure 
33.0 37,500 2,031,600 To failure 
34,000 2,317,900 To failure 
28,800 51,403,500 No failure 
32.000 2,582,000 To failure 
30,000 2,534,000 lo failure 
81.3 28,000 3,342,000 To failure 
27,000 4,652,000 To failure 
22.000 51,618,100 No failure 
35,500 887,700 To failure 
48.0 32,900 4,021,600 To failure 
30,000 50,325,400 No failure 
30,000 826,400 To failure 
49.4 28,500 7,109,400 No failure 
28,000 50,402,300 No failure 
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Fig. 4 (Cantilever Type of Fatigue Specimen) 


inch, and a proportional limit 10 to 20 per cent of the 
tensile strength. 

No. 325 base metal was selected for special tests 
which will be referred to later. 


Data 


In Table 2 the various tests are recorded for filler 
rod alone. This includes all metal listed in Table 1 
from No. 1 to No. 7 inclusive. These specimens were 
built up, as shown in Fig. 5, by continually building 
up the metal on a %4-in. diameter area to a length of 
3% in. for fatigue specimens and of 54 in. for ten- 
sion specimens. 


— — 
By ate 
es 
Qy 


Fig. 6—Reduction of Area of Tension Specimens. All Deposited No. 5 and 
No. 2 Filler Rod 











TABLE 3—SINGLE V WELDS ON S METAL 


Tensile Yield Proportional Elon- 
Strength Point Limit gation 
Speci- in Lbs. in Lbs. in Lbs. in 2 In., 
men per Sq.In. per Sq.In. per Sq.In. Per Cent 
S-1 | a) 21,500 25.5 
S-2 C6008 ics emer: 21,500 22.0 
S-3 ft! Pee 23,000 22.0 
S-4 CBOGO hn ne ck 24,500 17.5 
S-5 eee Bae 24,500 18.2 
S-6 63,750 33,900 21,500 20.0 
S-7 35,700 22,000 18.0 


60,900 


Reduction Fiber Stress 


of Area, 
Per Gent 


55.8 


61.5 


a | 


62.3 


to 


61.3 


63.3 


th 


33.5 


Maximum 


in Lbs. 
per Sq. In. 
25,000 
23,500 
20,000 


30,000 
28,000 
25,000 


25,000 
20,000 


25,000 
22,000 
20,000 


20,000 
18,000 


22,000 
20,000 


20,000 
18,000 


No. of 

Cycles 
1,388,000 
3,168,000 
11,503,000 


216,000 
2,302,900 
10,159,000 


1,281,800 
11,193,500 


1,308,910 
5,080,000 
16,298,400 


2,033,800 
10,000,015 


3,539,600 
10,434,000 


2,644,400 
10,745,800 


Remarks 
Failure outside 
Failure outside 
No failure 


Failure outside 
Failure outside 
No failure 


Failure outside 
No failure 


Failure outside 
Failure outside 
No failure 


Failure outside 
No failure 


Failure outside 
No failure 


Failure outside 
No failure 





weld 
weld 


weld 
weld 


weld 


weld 
weld 


weld 


weld 


weld 
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Almost all of the data recorded in this table show 
a uniform relation between. the different physical 
properties except specimen No. 2, in which case the 
fatigue stress does not correspond with the relatively 
high tensile strength obtained, giving an endurance 
ratio of about one-half of the average of the other 
specimens. 

Figs. 7, 8, 9 and 10 show the grain structure X 100 








Fig. 8—All Deposited No. 3 Filler Rod 


Fig. 7—All Deposited No. 2 Filler Rod 





Fig. 9—All Deposited No. 4 Filler Rod 


of specimens Nos. 2, 3, 4 and 5 taken at the center 
of each fatigue specimen along the transverse section. 
The structures taken in this plane show a network of 
uniform grain size of each alloy. 

Fig. 7a is a longitudinal plane of specimen No. 2 
(X 100) which shows the beginning of a fatigue crack 
starting at the edges of a large grain. 

A discussion of the metallurgy of fatigue failures 
will follow in a later paper. 

_ Tables 2 and 3 show the results of the filler metal 
applied to S metal and H metal in a single V weld. 
In these two sets of data the filler metal characteris 
tics for each specimen are influenced by contact with 
the base metal. 

From the plates shown in Figs. 11 to 18 inclusive 
it will be seen that at least one-third of the weld is 
made up of a mixture of filler rod and base metal. 
This is also shown by the Rockwell hardness tests. 

Fig. 7A—Showing Beginning of a Fatigue Crack In Table 3 all specimens broke outside the weld, 
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Fig. 12—Weld No. 2 Filler Rod and S. Metal 








Fig. 10—Alil Deposited No. 5 Filler Rod 
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Fig. 13—Weld No. 3 Filler Rod and S. Metal 








indicating that the latter was stronger than the base 








O3R 76 S96 5) 7 7 7 73 metal. Figs. 11, 12, 13 and 14 also show the highest 

Recnwéii- ddim <y yon =F Rockwell numbers to be in the weld, while immedi- 
B SCALE \CUX WR a ately adjacent to it the numbers assume the charac- 

/O READINGS FRom CENTER “~ | \ i teristics of the base plate and become considerably 
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Fig. 11—Weld No. 7 Filler Rod and S. Metal 


lower than those of the weld metal. 
In Table 4 all specimens broke in the weld, indicat- 


TABLE 4—SINGLE V WELDS ON H METAL 





Tensile Yield Proportional Elon- _ Maximum 
Strength Point Limit gation Reduction Fiber Stress 

Speci- in Lbs. in Lbs. in Lbs. in2In., of Area, in Lbs. No. of 

men per Sq.In. per Sq.In. per Sq.In. Per Cent Per Cent per Sq. In. Cycles Remarks 
30,000 327,000 Failure in weld 

H-1 70,800 47,250 41,000 14.50 67.2 25,000 1,647,000 Failure in weld 
20,000 10,090,000 No failure 
40,000 91,800 Failure in weld 
35,000 1,143,000 Failure in weld 

H-2 Mises. . .. «es 39,500 6.50 33.5 30,000 4,165,000 Failure in weld 
25,000 10,984,000 No failure 
40,000 183,300 Failure in weld 
35,000 1,298,400 Failure in weld 

H-3 Cee...» faxaees 38,000 4.50 18.0 25,000 5,864,500 Failure in weld 
20,000 11,201,600 No failure 
40,000 194,000 Failure in weld 

H-4 16550 0 0si(ié‘éctm wR 35,000 3.20 13.2 35,000 2,621,000 Failure in weld 

: 25,000 15,322,000 No failure 

30,000 1,308,000 Failure in weld 

H-5 pase) eh 35,000 12.0 55.2 20,000 3,213,000 Failure in weld 
18,000 17,000,000 No failure 
25,000 4,494,200 Failure in weld 

H-6 i A © 35,000 13.20 20.4 20,000 11,006,200 No failure 
22,000 2,165,000 Failure in weld 

H-7 Tae. - .. yeease 40,000 10.0 34.7 20,000 5,616,000 Failure in weld 
18,000 13,679,000 No failure 
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Fig. 17—Weld No. 3 Filler Rod and H. Metal 















APART; REST, 


7% #5 95s Las Sep ees, we 
Fig. 14—Weld No. 4 Filler Rod and 8S. Metal 
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Fig. 15—Weld No. 7 Filler Rod and H. Metal 
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Fig. 19—Unfinished Welded Fatigue Specimen 
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Fig. 16—Weld No. 2 Filler Rod and H. Metal 


Filler 
ing it to be weaker than the base metal. In this case, Rod C Mn Cr V Si Ni P 
Figs. 15, 16, 17 and 18 show the welds to have the 1 0.06 0.26 All 
lowest Rockwell numbers, building up to a maximum . # . . e below 
just outside the weld area. = a a oe SE 1 20 ” 
The fatigue stress values for any filler rod used, 4 0.34 O55 Y eiescs 
such as specimens S-1 and H-1l, are practically the 5 0.08 0.40 
same, although the differences in their tensile values 6 0.07 0.79 
result in corresponding differences in their endurance . 0.09 0.48 
ratios. S-1 0.06 0.38 
- , , ; S-2 0.16 0.63 0.86 0.09 
Fig. 19 shows H-1 fatigue specimen after it was cut ¢ 9 0.15 0.55 2 40 
from a 1 1/16-in. thick plate and turned on a lathe to S-4 0.18 0.54 0.87 
l-in. diameter. The areas on both sides of the weld a + - oa 
o-0 ° i ef 


which give the higher Rockwell numbers in plate 15 


S-7 0.09 0.42 
have a more glossy appearance than any other part of = 44,_; 0.07 0.39 
the specimen. These areas are difficult to cut with a H-2 0.14 0.68 1.02 0.16 
lathe tool on account of the difference in their hard- H-3 0.15 0.55 _—s- 2,85 
ness H-4 0.14 0.55 1.59 
‘me Soe ; H-5 0.09 0.23 
Figs. 20 and 21 show the characteristic rupture of H-6 0.08 0.74 
he welded fatigue specimen. The ruptured end of H-7 0.08 0.44 


the specimen shows very little reduction in area for 





96 “7 a g el ws beet nets A unt 7 rr 4] 
ROCKWELL HARONESS . ae S READINGS FROM CENTER +* 





appar- 
ently begins on one side and travels across the 


spec- 


Table 5—Analysis of Deposited Metal and Welds 


imen, transversely, covering 80 per cent of the cross- 


5 


0.034 


0 
v0 
1 
0 


0 
) 


0OY0 


021 


040 


026 


OR6 


036 


034 
). 
022 


019 


025 
025 
O56 
032 


0:28 


020 


0.016 
0.018 
0.015 
0.045 
0.018 
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Fig. 20 








Fig. 21 
Characteristic Ruptures of Welded Fatigue Specimens 


sectional area, so that the remaining area then tears 
apart and exposes rough grain surface. 

Single V welds made on 325 base metal with No. 2 
filler metal (analysis given in Table 1) were made into 
fatigue specimens, the same as shown in Fig. 4. The 
end of the specimen to which the load was applied 


was machined smooth to provide a bearing surface 
for the penetometer, which was attached rigidly to the 
machine, and made it possible to obtain depth meas- 
urements to one ten-thousandths of an inch of the de- 
flection of the beam while under a fatigue stress. De- 
flection measurements were made at the beginning of 
a load application-and after approximately 3,300,000 
cycles of stress. This was done to determine if pos- 
sible any increase in deflection of the beam as it ap- 
proached its maximum fatigue limit. 
The following are the data obtained: 


Stress, Lbs. Total Deflection Defiection 
per Sq. In. Cycles at Start at End of Run 
25,000 10,181,800 0230” 0230” 
27,000 50,388,600 .0260'’ .0260” 
30,000 10,009,500 .0310” .0310" 
33,000 12,838,700 0330" .0330” 
35,000 10,131,200 0355" 0355” 
38,000 13,111,600 .0385”’ .0385" 

40,000 6,969,800 .0410” aden 


The last specimen failed at 40,000 lb. per square 
inch stress but did not show an increase of strain be- 
yond .0410 in. during the whole period of observation 
up to the time of rupture. These data would indicate 
first, that a specimen operating at a specific fatigue 
stress does not change from its immediate deforma- 
tion on application of the load; second, that the de- 
flection of the beam increased uniformly with increase 
in stress; third, that rupture must take place in a 
comparatively short time. 

These results would indicate that the behavior of 
welded structures under fatigue stress does not differ 
fundamentally from that observed by previous inves- 
tigators in similar tests with forged and rolled metal. 
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A New Process of 


Oxy-Acetylene Welding 
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+ Paper presented at Fall Meeting, A. W. 5S., September 
1931, by T. W. Greene of the Development Section, Engi- 
neering Department, The Linde Air Products Company. 


ROBABLY in no other field of industrial activity 

today is greater progress being made than in 

welding. The welding industry as a whole is con- 
stantly striving for, and successfully attaining, greater 
joint strengths, higher weld quality with increase in 
rate of welding, and economy in application. In the last 
year or so some outstanding, almost revolutionary, 
developments in the field of oxy-acetylene welding have 
accomplished remarkable results in assurance of weld 
quality and economy in making oxy-acetylene welded 
joints. 

As a result of scientific research and laboratory in- 
vestigation, a new process or method, decidedly distinct 
in many features from previous procedures, has been 
evolved for manual application and accompanying this, 
a new welding blowpipe has been developed and per- 
fected, which, for certain types of joints in horizontal 
welding, produces welds at a rate or speed of welding 
ranging from 3 to 3% times faster than obtainable in 
the past by oxy-acetylene method and with nearly a 
proportional reduction in cost. This new method, which 
is known as the Lindeweld process, is a practical and 
successful application of metallurgical knowledge and 
skill to oxy-acetylene welding, which results in pro- 
duction of superior welds at a greatly increased speed. 
Its application in over 2000 miles of welded overland 
pipe line construction throughout the country, ranging 
in size from 4 in. to 26 in., has produced outstanding 
results in speed of construction, economy and efficiency 
of welds. 

High strength welds at high speed with this welding 
are achieved by three interdependent, interrelated 
features; a special flame adjustment, the use of special 
welding rod and a new welding technique. 


Fig. 1—New Lindewelder Blowpipe Showing Gravity Feed Welding 
R Holder 
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Fig. 2—New Blowpipe on 26 In. Gas Line 


in California 


Special Flame Adjustment 


The welding is done with a carbonizing flame By 
virtue of certain metallurgical features of the properly 
adjusted flame, the weld metal is fused with the 
metal through the medium of a low melting point, 
carbon iron alloy. 


base 


high 


Special Welding Rod 
A new welding rod, with suitable metallurgical cha) 


acteristics to produce fusion with the lower melting 


high carbon iron alloy surfaces, has been developed 
especially for this application. 
Welding Technique 

The welding technique recommended is in general 
what is known as back-hand welding, in which the 
flame is pointed backward against the weld. The flame 


and rod are manipulated more or less parallel to the 
line of welding. The flame is alternately played upon 
the base meta! to prepare it for fusion and on the rod 
for accelerated deposition of weld metal Very little 
breakdown or melting of the base metal is required with 
the correct procedure and, as a much smalle) 
be used, due to the decrease in the contraction of the 
weld, an economy is effected in the amount of rod, 
ing gases and time required for welding 

In addition to the adaptability of the Lindeweld 
process to the present type of hand blowpipe, the process 


pac e Can 


weld 


has been made almost automatic by the development of 
a special blowpipe for exclusive use with this welding 
method. With the use of this new blowpipe, which is 
called the Lindewelder, it is possible to obtain welding 
speeds, it is believed, equal to, or greater than those 
obtained with any other process. The accompanying 


illustration shows the essential design features of th 
new blowpipe. 


It is a two-flame blowpipe with an auto 
matic gravity feed rod holder. A carriage having two 
runners supports the apparatus during the welding 
operation. The two flames and the rod holder aré 


aligned in the same plane, which is also the plane of th 
pipe joint. The lower flame is the weiding flame, which 
is used for preparing the base metal for proper fusion 
with the weld metal and for actually melting the end 
of the welding rod in the welding puddle. The upper 
flame is smaller and is used for preheating the welding 
rod. This preheating flame is arranged so that the 
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Table I—Field Welds on 20-In. Gas Line. Tensile Test 


specimen supported on 1%” 








rollers, 3%” 


on center with clear distance 


inner cone impinges directly upon the rod, which is 
preheated to a bright cherry red, and thus little addi- 





y ye ve Sq. 2m . tional heat from the welding flame is required to melt 
Spec. ie ensile 4 : : : : 
ice aa Strength iaiaiine it into the welding puddle. The welding operation is 
F-1 44.700 63.200 1%" , carried on by the back-hand method so that the com- 
’ Oy 2" outside weld : : : 
5 42.400 62,700 2” outside weld pleted weld is on the opposite side of the rod from the 
4 43,600 62,700 2” outside weld welding flame. 
5 42,400 39,600 Small lap bottom vee Development of this almost automatic blowpipe has 
S-1 42,900 64,800 1%” outside weld been important in increasing efficiency and lowering 
~ oo aiaae a — me costs in pipe welding. The position of the operator 
3 5, a ” outside we : : : . 
4 44,000 64,100 5” atebehiins treka during the . welding is such that he may work with a 
5 43,900 63,000 2” outside weld minimum of fatigue and a maximum of comfort. In 
6 42,500 46,300 10% poor fusion bottom welding the joint the operator stands or sits at the side 
vee (at spacing pin) of the pipe facing the joint. This position is possible 
H-1 pogo cae hey ae weld for all pipe sizes and also for horizontal tank welding. 
5 44,800 51,600 Slight poor fusion bot- Since only one hand is required to hold the blowpipe, 
- _, tom vee the operator is free to make any necessary adjustments 
4 saeee —— 74 — ates to the flame, change the rod, signal the turner, or, if he 
5 5,5 5 outside w : , ‘ - 
6 44°500 66.500 1” outside bes = wishes, shift the blowpipe to the other hand without 
R-1 43.700 66.300 4” eibebin cil any interruption to the welding operation. Another 
"9 45,100 oy ian °° a * ental aaa advantage in the position assumed by the operator is 
M1 41.500 65.500 Sinan etintat ana that as the welding progresses toward him he can see 
acl ” _ a both sides and the bottom of the vee at all times so as 
Bend Test to control the quality of the weld. 
; —— Per von ed All adjustments necessary for the operation of the 
=" ent a 72 In. Bend ( eg.) 1s ae blowpipe may be made by the operator’s right hand. A 
Ss 99 ee po" ‘hen Per yom lifting device controlled by a trigger on the blowpipe 
F 24 180 > have been carried fur- handle permits the operator to raise or lower the weld- 
24 180 ther ing rod as required in starting, passing over tack-welds, 
B <6 180 changing rod and in finishing. The possible travel of 
Table I1l—Physical Properties of Welds Made with Lindewelder 
Pipe Size 
and Wall Welding Elon-  Elon- Angle 
Thickness Time of Tensile gation gation of Type of 
Carbon, Welding Joint, Coupon Strength, in %In.,in1lIn., Bend, Failure, 
Per Cent Tips Minutes No. Lb. Sq. In. Fracture PerCent PerCent Deg. Bend Test 
20” 11 &4 14% 1 77,000 Outside 2” 26 24 «5 Crack 
5/16” 2 78,500 Outside 2” 26 21 152 Crack edge 
Wall 3 77,000 Outside 1” 32 26 135 Crack weld 
.25-.35C 4 77,500 Outside 1” 26 22 111 Crack weld 
T 74,500 Outside grips 
Average 76,900 28 24 133 
20” 12 & 5 13's 1 78,000 Outside 2” 24 20 90 Broke 
5/16” 2 80,000 Outside 1%” 28 17 65 Crack 
Wall 3 77,000 Outside 1” 82 31 180 No failure 
.25-.35C 4 78,000 Outside 1” 
Average 78,000 28 23 112 
20” 11 & 5 16 1 78,400 Outside 2” 28 24 98 Crack 
5/16” 2 51,500 Weld section liner 36 33 160 Crack 
Wall lug not fused i 
.25-.35C 3 76,300 Weld bottom not fused 30 21 75 Broke 
T 79,500 Outside 2” 
74,400 Weld—one blowhole 
Average 72,000 31 26 111 
24” 11 &5 20% 1 99,400 Edge weld 26 16 56 Broke 
5/16” 2 100,200 Weld good 24 13 53 Broke 
Wall 3 96,500 Outside 2” 21 11 45 Broke 
.30-.40C 2 97,000 Outside 3” 
1 83,400 Weld small defect bot. 
Average 95.300 23 13 51 
16” 11 & 5 11 1 49,000 Outside weld 20 25 180 No failure 
4” wall 2 50,700 Outside weld 30 32 180 No failure 
low carbon ‘ Sine on iat 
Average 49,800 25 29 180 
A; All welds made with Lindeweld flame. Coupon numbers indicate quadrant of joint from which coupon was selected at random 
T coupon from tack; F coupon from finish of weld. 
NOTE: Bend test made on specimens 1%” wide with reinforcement 


ound off. Pin bend test made with pin %” diam. 
etween rollers 2”. 


with 








ith 
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the lifter is about 2% in., giving the operator perfect 
control of the rod, which is free to feed into the weld 
when the lifter trigger is forward, and is gripped by the 
device when the lifter trigger is pulled back. 

The manipulation or technique required with this 
blowpipe is very simple; in fact, it is almost automatic. 
The welding is always under the instant control of the 
operator. Practically the only manipulation required 
is a slight raising or lowering of the handle. By lower- 
ing the handle the main welding flame is brought to 
impinge more directly on the base metal in order to 
prepare it more quickly for fusion; by raising the 
handle the flame impinges more directly on the rod, 
accelerating rod deposition when desired, thus produc- 
ing a controllable and efficient balance between prepa- 
ration and welding rod deposition. Fig. 2 shows the 
use of this blowpipe on a 26 in. gas line. The particular 
blowpipe shown in the illustration is one of the earlier 
models which does not have the rod lifting device. With 
this model the rod is lifted and lowered by hand. 

As an indication of the speed of welding that has 
been attained in field application, production or number 
of rotated welds per day per welder on some lines has 
been increased three to four times over that secured on 
similar size lines following former procedures for pipe 
line construction. The time for making 20 in. pipe 
joints, 5/16 in. wall, on one large line where the new 
blowpipes have been used with the Lindeweld process, 


varied from 14 to 19 minutes, with an approximate 
average of 16 to 17 minutes per weld. The rate of 
welding attainable with this blowpipe is so fast that 
production is dependent primarily on efficiency of or 
ganization and personnel. On a 26 in. gas line a maxi 
mum production per welder of 25 joints has been ob- 
tained in a nine hour day. 

The increased speed has not been accomplished at 
sacrifice of quality. The figures referred to are those 
attained in making welds of full strength and maxi- 
mum quality. This can be seen from results of field 
tests, Table I, a typical day’s tests of welds, selected at 
random, cut from a 20 in. line for inspection of work- 
manship and check of the weld quality. 

Table II shows the weld quality secured on the full 
range of commercial pipes, varying in carbon content 
from the ordinary low carbon pipe (0.05-0.20 per cent 
carbon) to the upper practical limit of 0.35-0.40 per 
cent carbon. Although the pipe strengths vary from 
50,000 Ib. per sq. in., the average .for low carbon pipe, 
to over 100,000 Ib. per sq. in. for higher strength mate- 
rial, welds of full strength with remarkable ductility 
were readily obtained. 

When these uniform high strengths and weld quali- 
ties are considered in connection with the marked in- 
crease in speed and saving of welding materials, the 
new process and the new blowpipe may well be con- 
sidered the most important recent development. 


The Welding of 
Copper and 
Brass Pipe 


By H. V. INSKEEP 


+This paper was presented at the A. W. S. Fall Meeting, 
September, 1931, by H. V. Inskeep, of the Development 
Section, Engineering Dept., Linde Air Products Co. 


in the use of copper and brass pipe. Its appli- 
cations for the most part have been found in 
the water distribution systems of buildings. Copper 
and brass pipe have been giving good service, both in 
regard to long life and freedom from rust in the dis- 
tribution of water to plumbing fixtures, particularly 
where rust stains are objectionable. The inherent ad- 
vantages of copper and brass pipe and the advertis- 
ing campaigns which are bringing its good features 
before the public will undoubtedly greatly increase 
the use of these metals for piping systems. 
Conventional types of mechanical joints: the 
screwed coupling, the screwed flange and the Van 
Stone joint, have been used up to the present time on 
most installations. However, just as the mechanical 
joint has not given perfect service in steel and iron 
piping systems this type of joint has not proved en- 
tirely satisfactory for copper and brass pipe. Even 
greater difficulty in obtaining satisfactory joints in 
copper and brass pipe is experienced because of the 
characteristics of these metals. Accurate threads are 
difficult to cut in both of these metals, and extreme 


Ts past few years have seen a great increase 


care has to be taken to produce a good joint, large 
pipe .particularly, requiring great care. Even with 
good workmanship and careful inspection joints do 
not make up properly and joint compounds, and in 
some cases cotton cords, have to be used in the base 
of the threads as the joint is turned up. The Van 
Stone joint, having no threads, produces a satisfac- 
tory joint and is easily pulled tight. It has usually 
been used on important work. Its high cost is its 
main disadvantage. 


Unlike steel and iron, copper and brass do not rust 
or corrode to close permanently any leaks which may 
exist or become existent when the line is put into ser- 
vice. Hence great care must be exercised to see that 
the joints are tight under test, and the line be free 
from expansion and other stresses which are liable to 
disturb the joints. However, perfect freedom from 
stresses is not possible, especially in lines that are 
carrying hot water or other liquids at high tempera- 
tures. The alternate heating and cooling of sueh 
lines produces different rates of expansion and con- 
traction between the pipe and the coupling, and event- 
ually a leak may develop which will not corrode shut. 
As a result of these characteristics there has been 
some hesitancy by engineers to specify copper or brass 
pipe for tunnels or other places where the joints are 
not easily accessible. Experience has shown that 
maintenance on such lines is often difficult and ex- 
pensive. However, there is one solution for this prob- 
lem, the substitution of the welded joint for the 
mechanical joint. 

Copper and brass present a different welding prob 
lem from the welding of steel which is easily con- 
trolled under the welding flames. They are more fluid 
when in the molten conditions and are apt to be more 
difficult to handle in position welding. These condi- 
tions made necessary a special consideration of the 
welded joint for these metals. 

In an effort to determine the best type of joint and 
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It was realized at the outset that the ideal welded 
joint for this class of materials and the services for 
which they are used would have to fulfill four con- 
ditions: 


1. The joint must be smooth on the inside of the pipe with- 
out requiring an extraordinary amount of skill on the 
part of the welding operator to obtain this condition. 

2. The joint must possess the full strength of the pipe 
material if possible. 

3. It must be possible to produce a satisfactory joint in all 
welding positions. 

4. The joint must be neat in appearance. This condition 
may be sacrificed if the other three are obtained with- 
out it. 


To meet these conditions the bell and spigot joint 
was designed and a comparison made between it and 
the butt joint on all the materials welded. 








iat, » : 
/ x j 1 f 
4 ; a 
yi 4 a J ; iy tig ?”% 
Fig. 1—Bronze-Welded Brass Hot Water Lines, 4-In. Line Is e - ’ bd ‘ 
Shown With 3-In. Outlet and 2-In. Line With 1%-In. Outlet . 4 


the best welding procedure to follow in welding brass 
pipe and copper tubing, the Union Carbide and Carbon 
Research Laboratories has conducted an extensive -re- 
search program. This investigation was made chiefly 
because it was thought that the butt joint could not 
give desired full strength and is not the easiest joint 
to make in the field. Experiments were conducted on 
different sizes of pipe and tubing; using the butt joint, 
the short bell and spigot joint and the long bell and 
spigot joint. The investigation included commercial 
red brass pipe, alpha brass pipe, Muntz metal pipe and 
copper tubing. Several types of welding rod were 
used, including ordinary bronze rod, high strength 
bronze rod and copper rod. Some trials were also 
made using the pipe material itself as a welding rod. 








Fig. 3—Photomicrograph of Welded Joint Between High Strength 


P{ ti Bronze Weld Metal and Alpha Brass Pipe; it is a Bronze-Welded 
| ; Joint 
. ‘ > Ss 
~ $4 ae a" an 





\ : 
‘ \\ The results of tests on red brass pipe will first be 
considered. Its composition was approximately 85 
per cent copper and 15 per cent zinc. In the 1-in. 
size thirteen joints were made: Six were welded in 
the vertical position, two of which were short bell and 
spigot, two with the long bell and spigot and two with 
the butt joint. High strength and ordinary welding 
rod were used on each type of joint. Seven spec- 
imens were welded in the horizontal position: two 
short bell and spigot joints with high strength rod 
and one with ordinary rod, two long bell and spigot 
joints with high strength, and two butt joints using 
each type of rod. 

In the vertical position all short and long bell and 
spigot joints broke in the inserted pipe at the edge of 
the weld, at a strength of approximately 38,000 lb. per 
square inch, the strength of the material in the an- 
nealed condition. The two butt joints both broke in 
the weld metal at slightly over 15,000 lb. per square 
inch. In the horizontal position the results were the 
sane, with the exception that the short bell and spigot 
joint welded with ordinary rod broke in weld metal at 
29,000 lb. per square inch. The butt welds were of 
higher strength, 32,800 and 25,400 lb. per square inch 


Fig. 2—Photomicrograph of Welded Joint Between High Strength Par : : P eAinarey -ag ie 
Bronze Weld Metal and Muntz Metal Pipe; a Fusion Weld With for the high strength and the ordinary rod respec 


No Change in Structure at the Joint tively. Since this set of experiments showed that there 
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Type 
Short Bell 
Short Bell 
Butt 
Butt 
Short Bell 
Short Bell 
Butt 
Butt 


Short Bell 
Short Bell 
Long Bell 
Long Bell 
Butt 
Butt 
Short Bell 
Short Bell 
Long Bell 
Long Bell 
Butt 
Butt 


Bell 
Bell 
Bell 
Butt 
Butt 
Butt 
Bell 
Bell 
Bell 
Butt 
Butt 
Butt 


Type 
Short Bell 
Short Bell 
Long Bell 
Long Bell 
Butt 
Butt 
Short Bell 
Short Bell 
Long Bell 
Long Bell 
Butt 
Butt 


Short Bell 
Short Bell 
Long Bell 
Long Bell 
Butt 
Butt 
Short Bell 
Short Bell 
Long Bell 
Long Bell 
Short Bell 
Butt 
Butt 


Short Bell 
Short Bell 
Short Bell 
Butt 
Butt 
Short Bell 
Short Bell 
Short Bell 
Butt 
Butt 


Position 
Vertical 
Vertical 
Vertical 
Vertical 
Horizontal 
Horizontal 
Horizontal 
Horizontal 


Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Horizontal 
Horizontal 
Horizontal 
Horizontal 
Horizontal 
Horizontal 


Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Horizontal 
Horizontal 
Horizontal 
Horizontal 
Horizontal 
Horizontal 


Position 
Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Horizontal 
Horizontal 
Horizontal 
Horizontal 
Horizontal 
Horizontal 


Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Horizontal 
Horizontal 
Horizontal 
Horizontal 
Horizontal 
Horizontal 
Horizontal 


Vertical 
Vertical 
Vertical 
Vertical 
Vertical 
Horizontal 
Horizontal 
Horizontal 
Horizontal 
Horizontal 


ALPHA BRASS PIPE 


Welding Rod 
High Strength 
High Strength 
High Strength 
Ordinary 
High Strength 
High Strength 
High Strength 
Ordinary 


Ultimate 
Strength 
33,800 
33,500 
18,350 
25,300 
36,500 
31,200 
38,400 
36,000 


Muntz Metal Pipe 


High Strength 
Ordinary 
High Strength 
Ordinary 
High Strength 
Ordinary 
High Strength 
Ordinary 
High Strength 
Ordinary 
High Strength 
Ordinary 


35,800 
31,200 
43,400 
32,700 
23,600 
17,500 
38,400 
35,800 
40,900 
40,900 
35,600 
36,650 


%,-In. Copper Water Tubing 


High Strength 
Ordinary 
Copper 

High Strength 
Ordinary 
Copper 

High Strength 
Ordinary 
Copper 

High Strength 
Ordinary 
Copper 


28,750 
29,800 
23,400 
29,800 
27,150 
28,750 
29,800 
29,800 
29,250 
29,250 
28,200 
28,750 


1%-In. Copper Water Tubing 


Welding Rod 
High Strength 
Copper 

High Strength 
Copper 

High Strength 
Copper 

High Strength 
Copper 

High Strength 
Copper 

High Strength 
Copper 


Ultimate 
Strength 
32,650 
32,400 
30,900 
24,000 
21,100 
25,700 
31,500 
32,100 
32,650 
32,400 
32,100 
25,400 


1-In. Red Brass Pipe 


High Strength 
Ordinary 

High Strength 
Ordinary 

High Strength 
Ordinary 

High Strength 
High Strength 
High Strength 
High Strength 


Ordinary 
High Strength 
Ordinary 

2} 2 -In. 


High Strength 
High Strength 
Ordinary 
High Strength 
Ordinary 
High Strength 
High Strength 
Ordinary 
High Strength 
Ordinary 


38,200 
37,000 
39,050 
39,300 
15,850 
15,420 
39,050 
38,450 
38,900 
38,650 
29 400 
32,800 
25,400 


Red Brass Pipe 


38,400 
37,200 
25,900 
14,600 
13,200 
30,600 
35,200 
22,200 
21,800 
17,800 


Fracture 
In pipe metal next to weld 
In pipe metal next to weld 


In weld metal 
In weld metal 


In pipe metal next to weld 


In weld metal 


In pipe metal next to weld 
In pipe metal next to weld 


Next to weld 
Next to weld 


Base metal 1 in. from weld 


Next to weld 
In weld metal 
In weld metal 
Next to weld 
Next to weld 


Base metal % in. from weld 
Base metal % in. from weld 


Next to weld 
Next to weld 


In inserted pipe at edge of 


In inserted pipe 


In weld metal 


In pipe at edge of weld 
In weld and pipe 
1% in. from weld 


In inserted pipe 
In inserted pipe 
In inserted pipe 
inserted pipe 
In inserted pipe 
In inserted pipe 


Ir 


=) 


Fracture 


In inserted pipe 
In inserted pipe 
In inserted pipe 


In weld metal 
In weld metal 
In weld metal 


In inserted pipe 
In inserted pipe 
In inserted pipe 
In inserted pipe 
In inserted pipe 


In weld metal 


In inserted pipe 
In inserted pipe 
In inserted pipe 
In inserted pipe 


In weld metal 
In weld metal 


In inserted pipe 
In inserted pipe 
In inserted pipe 
In inserted pipe 


In weld metal 


In weld and pipe 


In weld metal] 


In inserted pipe 
In inserted pipe 


In weld metal 
In weld metal 
In weld metal 


In inserted pipe 
In inserted pipe 


In weld metal 
In weld metal 
In weld metal 


at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of 
at edge of* 


at edge of 


weld 
weld 


weld 
weld 
weld 
weld 
weld 
weld 


weld 
weld 
weld 


weld 
weld 
weld 
weld 
weld 


weld 
weld 
weld 
weld 
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weld 
weld 
weld 
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seemed to be little advantage in the use of the long 
bell and spigot joint, at least where the high strength 
rod was used, in the set of experiments on the 2'%- 
in. pipe only the short joint was used. 

In the 2'2-in. size ten specimens were welded, five 
in the vertical position and five in the horizontal. 
Three short bell joints were welded in each set, two 
with high strength rod and the other with ordinary 
roc. Two butt joints in each set were welded using 
each type of rod. The two short bell and spigot 
joints in each set welded with the high strength rod 
broke in the pipe metal at its full strength in the an- 
nealed conditions, averaging about 36,500 lb. per 
square inch. The short bell and spigot joints welded 
with ordinary rod broke in the weld metal at 25,900 
and 22,200 lb. per square inch for the vertical and 
horizontal positions respectively. 

The alpha brass pipe, with a composition of ap- 
proximately 67 per cent copper and 33 per cent zinc, 
gave similar test results. One-inch pipe was used in 
these tests. Eight specimens were tested. Two short 
bell joints welded in the vertical position broke in the 
pipe metal next to the weld at a strength of about 
33.000 lb. per square inch. The two butt joints welded 
in this position broke in the weld metal, the high 
strength rod specimen breaking at 18,350 lb. per square 
inch and the ordinary rod specimen at 25,300 lb. per 
square inch. In this case a better quality weld hap- 
pened to be produced with the low strength rod. One 
of the short bell joints welded in the horizontal posi- 
tion broke in the pipe metal next to the weld at 36,500 
lb. per square inch and the other broke in the weld 
metal at 31,200 lb. per square inch. The two butt 
welds made in this position broke in the pipe metal at 
38,400 and 36,000 lb. per square inch for the high 
strength rod and ordinary rod respectively. 

The Muntz metal pipe test produced slightly differ- 
ent results in that only the long bell joints developed 
the full strength of the annealed material. The com- 
position of this pipe was approximately 62 per cent 
copper and 38 per cent zinc, and the size of the spec- 
imens was 1 in. The strength of the long bell joints 
may be accounted for by the slight eccentricity of the 
short bell cross section and the difficulty experienced 
in preventing under-cutting in this material, as it is 
nearly of the same melting point as the welding rods 
used. All four of the long bell joints broke in the 
pipe metal at strengths over 40,000 lb., with the excep- 
tion of one which broke at 32,700 lb. per square inch. 
The butt welds for the vertical position broke in the 
weld metal at 23,600 and 17,500 lb. per square inch 
for the high strength and the ordinary rod respective- 
ly. In the horizontal position they broke next to the 
weld at 35.600 and 36,650 lb. per square inch for the 
high and low strength rods respectively. 

It is seen from these results that the short bell and 
spigot joint consistently gave strengths approaching 
that of the parent metal in the condition as annealed 
by the welding flame. It also gave full strength in 
all vertical welds which, it was found, could not be 
expected of the butt joint. The long bell and spigot 
joint gave the same results, except that this type is 
slightly better on Muntz metal. However, the increase 
in strength obtained with this joint would not justify 
the expense necessary to produce it. The short bell 
and spigot joint is more easily made both in the field 
and in the shop. In the field a tapered plug driven 
with a sledge will quickly form the flare on the end 
of the pipe for the insertion of the beveled end. Pipe 
in the larger sizes can be ordered with the short bell 


joint prepared at only slightly higher cost than the 
conventional beveling at 45 deg. Beveling in the field 
is done by means of a file or a thread-cutting machine 
fitted with a cutting tool. 

The short bell joint has met conditions number one 
in that there can be no projections on the inside of the 
pipe. Condition number two is met as shown by the 
data obtained from the tests and listed in the accom- 
panying table. Condition number three has been met 
as just explained. Condition number four is fulfilled 
as the bell joint is not unsightly and a really good ap- 
pearance can be obtained in all positions with ordi- 
nary skill and care. It became apparent from exami- 
nation of the data and the fractured welds that the 
high trength rod was the most satisfactory to use. 
Experimental welds made with the pipe material for 
rod were porous and of poor quality generally. No 
attempt was made to do an extraordinarily good job 
of welding as field conditions were wanted, and it is 
believed that these same results can be duplicated by 
the average brass welder. 

The experiments to determine the most satisfactory 
joint for copper tubing were conducted in the same 
manner. Two sizes of tubing were used, 34-in. and 
14%-in. The same conditions had to be met as in the 
case of pipe, and the bell and spigot joint was used 
in comparison with the butt joint. Copper welding 
rod was used for these tests as well as the welding 
rods used for the preceding tests. To avoid quoting 
detailed data it is sufficient to say that both the bell 
and the butt type of joints gave full strength in the 
%4-in. size wih the exception of one bell joint welded 
with copper which broke in the weld metal at 23,000 
Ib. per square inch. All the rest of the specimens 
averaged over 29,000 lb. per square inch. 

The 1'%-in. tubing showed about the same results, 
with the exception that the vertically welded srec- 
imens showed three low strength welds out of the to- 
tal of six. One of these was a long bell joint welded 
with copper welding rod and broke in the weld at 24,- 
000 lb. per square inch. The other two were butt 
welds, one welded with high strength welding rod 
which failed at 21,000 lb. per square inch and the 
other welded with copper welding rod which failed at 
25,700 lb. per square inch. Two short bell and one 
long bell joints failed in the tube at an average ulti- 
mate strength of about 30,980 lb. per square inch. In 
the horizontally welded specimens the results were 
more uniform, all but one of them failing in the 
tubing at an ultimate of over 30,000 lb. per square 
inch. One butt weld made with copper rod failed in 
the weld metal at 25,400 lb. per square inch. Here, 
again, the bell type of joint was the best from a 
strength standpoint, and as the short bell is most 
easily made, it should be used. Also no projections 
are possible with this type of joint, a major consider- 
ation for tubing of this small size. The extremely dif- 
ficult vertical weld is made with ease, and full 
strength is obtained in this position. 

In conclusion it may be said that this investigation 
has indicated the worth of a joint designed to make 
the welding of brass and copper pipe and copper tub- 
ing easier and provides for the production of uniform- 
ly high strength welds in all positions. An actual 
installation, totaling about 90,000 lb. of red brass 
pipe in sizes up to 5 in. in diameter, in which this 
type of joint was specified by the engineer and in- 
stalled by the contractor, has shown that the advan- 
tages determined in the laboratory have been realized 
in the field. 
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Welding of Piping in 
New York Hospital— 
Cornell Medical Clinic 


By C. J. THALE 


+A paper presented at Fall Meeting, A. W. S., September, 
1931, by C. J. Thale ef Almirall & Company. 


value of welding, nor to compare the costs of 

welding with the old screwed or flanged pipe and 
fitting installation, as the cost of welding depends 
almost entirely on the labor cost which varies great- 
ly over the country. Rather we propose to review 
briefly from the construction standpoint the procedure 
of a large welding installation as experienced in the 
heating, refrigerating and ventilating contract for 
the New York Hospital and Cornell Medical College 
Association Group located in New York City. 

The members of the American Welding Society who 
visited the Medical Center in the spring of 1931 will 
recall that it consists of a group of nine buildings 
covering three large city blocks. The piping work at 
the time of that visit was only about 25 per cent com- 
plete. At present the major part of the work is 
finished. 

When we were awarded this contract in the summer 
of 1930, the problem that gave us greatest concern 
was one of method of procedure to give quickest re- 
sults. We had a close to $2,000,000 contract to have 
completely installed in a little over twelve months. 

The general construction of the buildings was ad- 
vancing rapidly. The main hospital was up to the 
twelfth floor, the women’s building to the sixth and 
the college buildings were being topped out. The 
general contractor was calling for piping to be in- 
stalled. 

To obtain a sufficient number of good welders for 
this job, presented quite a problem. The Empire 
State Building, a large welding operation, was in full 
course of construction. We had a large welding job 
at the new Eighth Avenue Subway 207th Street Re- 
pair Shops, and there were other jobs requiring ex- 
perienced pipe welders in various parts of the Metro- 
politan District. Successful welding depends largely 
upon the human element, and it was necessary to 
exercise extreme caution in the selection of the men 
to do the job. To make sure of the experience and 
knowledge of welding by those who applied for jobs, 
we set up a testing room on the job and before a man 
was fully accepted he had to pass several tests made 
under the observation and scrutiny of an experienced 
welder. 

Two methods of operation were open to us: 

We could ship pipe to our shops in Glendale, L. L., 
vhere we continuously maintain a force of welders, 
ind there weld in all nozzles, flanges, etc., and gen- 

rally prepare the pipe to minimize the amount of 
eld welding. 

This method of procedure had the usual difficulties 
f a screwed or flanged installation. The pipe had to 
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be handled from the cars to storage, to the shop and 
from the shop to truck. Trucking through the con- 
gested streets and the difficult handling of long awk- 
ward sections into final location at the buildings. 

Our other alternative was to build up a sufficient 
force of welders and do all welding on the job. 

After a careful analysis, in spite of the shortage 
of welders, this latter method seemed to give great- 
est promise, both from the standpoint of speed and 
cost. 

All pipe from 21% in. to 20 in. was ordered from the 
mill with beveled ends prepared for welding. 

The pipe was delivered in carload lots by lighter 
to within two blocks of the job. It was delivered in 
building units so that the handling and distribution 
were reduced to a minimum. 

In distributing piping the random lengths were 
laid out on the floors roughly in position, and tube 
turns, forged steel butt welding flanges, and other fit- 
tings were welded on the pipe in approximately the 
position shown on the drawings. 

While the piping was being distributed and fitted, 
the permanent hangers were being installed. As 
rapidly as hangers were erected these previously pre- 
pared lengths were laid up on them and permanently 
welded together. 

In installing the mains no consideration had to be 
given to the outlets for risers, connections, etc., as 
many weeks afterward these nozzles could be welded 
in to suit the exact locations of the runouts to risers 
and other connections. With a screwed or flanged job 
this would not be possible, as the exact location of all 
outlets would have to be previously determined and 
considerable shop work executed before installation 
could begin. 

The anxiety due to the liability of leaks at flanges 
was practically non-existent, as the only flanges in 
this installation are at valves and final connections to 
apparatus. 

The nozzle outlets from the mains are extra heavy 
screwed couplings for all pipe up to and including 2 
in. Over 2 in. we used pieces of pipe formed to the 
main and welded in the usual way. 

A very distinct convenience in doing welding on the 
job indicated itself as the work progressed. This was 
in making the numerous but inevitable alterations due 
to job conditions and architectural changes that de- 
veloped as the work went on. It was only necessary to 
weld in an additional outlet here and there to suit 
conditions, or even where whole runs of mains had 
to be re-located it only meant to part the mains with 
the burning torch, relocate and weld together again, 
leaving no scrap material or odd sized flanged tees to 
be sent back to the shop. 

There was also a distinct advantage in being able 
to do iron work on the job in connection with sup- 
ports, hangers and anchors and tools. 

All piping in this operation was tested to 350 lb. 
hydrostatic pressure immediately after the various 
sections had been welded together. 

The various types of piping welded are: 

High pressure steam piping for 200 lb. steam working 
pressure, 

Medium pressure steam, 30 lb. to 200 lb. 

Low pressure steam, 5 lb. 

_ Hot water heating piping static pressure 30 story build- 
ing. 

Brine piping. 


There were approximately 40,000 diameter inches of 
pipe welding done on the job, and difficulty from leaks 
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was surprisingly small. A careful check-up of inches 
of welding per man per day was kept and every weld 
made was stenciled by the man who made it, thereby 
enabling us to trace a faulty weld to the man respon- 
sible for it. From a construction standpoint it was a 
most satisfactory installation in every way, and per- 
mitted of a very economical and attractive covering 
job. 
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THE cost of telephoning is as little as it can be 
made. Its value can be infinite. 

If it is worth your while to save time, to be 
in touch with people at a distance, to do busi- 
ness quickly, to keep in touch with friends and 
family —if such things have a value, the tele- 
phone holds limitless possibilities for you. 

It is the means of extending your person- 
ality. Unlike commodities, telephone calls 
cannot be made wholesale. Each one is a per- 
sonal service. Each goes when and where you 
wish. At your request you have five thousand 
or five million dollars’: worth of property at 
your command, two or three people or perhaps 
a hundred attending the wires along which 
your voice travels. It is the work of the Bell 
System to do this well and cheaply. Its 





hundreds of thousands of trained workers 
must keep every part of its 4000 million dol- 
lars’ worth of equipment ready for instant use. 

Here is a business run on the smallest mar- 
gin of profit consistent with service, security 
and expansion. Its operation and maintenance 
have the benefit of the continual research of 
the 5000 members of Bell Laboratories, the 
general and technical staff work of the 
American Telephone and Telegraph Com- 
pany, and the production economies effected 
by Western Electric. 

Every resource of the Bell System is devoted 
to making your service clear, quick and 
inexpensive. As new telephones are added, as 
improvements are made, you get constantly 
greater satisfaction and value. 
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